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Substantial experimental evidence indicates that
the level of chlorophyll fluorescence in algae and
higher plants is controlled predominantly by the
activity of photosystem II (PS II) of the photo-
synthetic electron transport chain (2). The overall
fluorescence yield seems to depend on the oxida-
tion/reduction state of Q, the presumed primary
electron acceptor of PS II (7) (H2O ? Y
hv hv

-> Q -) A -* ? -> P700 - XH). Ac-
PS II PS I
cording to Duysens' hypothesis (4), the oxidized
form of Q quenches chlorophyll fluorescence, while
the reduced form (QH) does not. We report here
a photosynthetically defici.ent strain of Eutglena
which appears to be lacking the fluorescence quench-
ing normally associated with the {presence of Q.

Eiglena. gracilis (strain Z) was cultured as pre-
viously described (9). The pale green mutant P4
is unable to carry out photosynthetic electron trans-
port because of a block at or near light reaction II;
detailed studies of this strain have been reported
elsewhere (10).

Chloroplast fragments were prepared according
to Katoh and San Pietro (6). Fluorescence was
measured with the technique devised by Duysens
(3). Whole cells or chloroplasts were illuminated
with a modulated monochromatic light beam (X =
435 nm, 270 cps), and the fluorescence emis;sion was
measured with a photomultiplier/amplifier system
tuned to the chopping frequency. Provision was
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also made for illuminating the sample withl a con-
stant actinic beam (510 ± 40 nm; I = 5 X 103
ergs cm-2 sec-1); fluorescence excited bv this light
wvas not detected. With this apparatus the relative
fluorescence yield could be measured in the presence
and absence of actinic light.

Fig. 1 illustrates the relationlship between fluores-
cence and chlorophyll concentration for whole cells
of Eugieuza. The fluorescence of P4 was consistently
3 to 5 times higher than the wild type. We attribute
this to the absence of fluorescence quenching in
whole cells of the mutant strain. \Vild type fluores-
cence could be in-creased 2 to 3-fold by the addition
of DCMU [3-(3,4-dichlorophenyl)-1,1-dimethyl urea]
to a final concentration of 10 PjiM. Fluorescence
emission spectra of vild type and P4 at room tem-
perature showed maxima at 685 nm.

The effect of actinic illumination on the relative
fluorescence yield vas studied in isolated chloroplast
fragments. Illumination of wvild tvpe fragments with
a very weak measuring beam (20 ergs cm-2 sec-1)
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FIG. 1. Fluorescence of xx hole cells of Euiglenta at
685 nm versuts chlorophyll concentration (mg/ ml). The
modulated light intensity vas 103 ergs cm-2 sec-'.
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F .!2 The effect ofact.iic illumination on the

relative fluorescenice yield of wild type andI P1 chloro-

lplasts. The miodulated lighit initenisity was 20 ergs cm-"
secF. The intensity of the actinic beami was 5 10"
ergs cmII 2 sec '. The measuirinig beamii was turne(d on

at the arrow imarkedI 1 abo)v!e. The actinic beam was

turnied on at 2 anid off at 3. A) Wild type chloroplasts.
B) P4 clhloroplasts.

excite(d a low lev'el of fluorescence (Fig. 2a). Sulb-

se(lutenit illutmination of the sample with actinic light
ilicreased the fluorescence yield bv a factor of 2.5.
presumably 1y bringillg about hig-lher steady state
reduction of Q (Fig. 2a). Comlparable experimients
\vith P1 chloroplast fragments clearly denmoinstrated
the absence of fluorescenice quenching in the mutant
strain The lowv intensity measuring beam induced
a hiiglher level of fluorescence tllani that seen in wild
tvlpe, and the actinic liglht hlad nIo effect on the
fluor-escence yield (Fig. 2b).

The kinetics of fluorescen,ce enmissioni by i'olated
plastid fragments are shown in Fig. 3. The biphlasic
curve shown for wild type plastids (Fig. 3a) is

typical of many photosynthetic systems ( 7) The
initial rise (F) represents conistant chlorophy ll

fluorescenice whilch is unaffected by Q. The second
(or varialble) phase is related to the state of oxidcla-
tioii of Q. The time course showxn in Fig. 3a delmloni-
stratles the attainiment of a steady state in w\vhich Q

is partially reduced. Additioln of DCAlU to a final
concentration of 1 /0tm altered the kin:eties of inldulc-
tionland increased tlle final viele( ( Fig. 3a). Siince
DCI\Lft is believed to block electroln train lport be-

t\een Q atiid( A. tlle secondary electroni acceptor (2)
the increase of fluorescenice with tillme in Fig. 3b
replresents the kinietics of Q reduction w-itlhoult sub-
se(quent reoxidation of be photosystem 1. Tlle
final fluol-escenlce y-ield reflects almost complete ab-

sencee of fltlorescelice qtuellclinig.
No initial rate of increase in fluorescence could

be obtained with 1' plastids even in very weak

measuring liglht ( Fig. 3c); maximiutm fluorescenice
\ a,<sttained within the tillme required for slhuitter
opening onl the miieatsurinlg beam (ca. 25 msec). In
DCAIU-treated wild type, 4 to 5 sec were requiired
fol- attainment of mnaximutm fluorescence (Fig. 3b).
DCMIJ had no effect on either the fluorescence
yield or the rate of attainment of the final yield in
P, ( Fig. 3c).

Within the conltext of the Dlyvsens hypothesis.
\V( 171 ile d(Ile that 1) ( is lm1iismg alto-etlhir in P1.
OI' 2) (.) is pelriLeitlV redutlced iii 1%, oi- 3) the railtC
o(f 0 reduction is malin tlimes lhigher In P, Lilnd the

kinetics of reduction can niot be detecte(I uinder the
conditions of ouir experinments, or 4) Q is present in
ll)ut niable to qiueich chlorophyll fluorescence for
various1 reasons (C.eq. mutita-tional alteration of chloro-
plast struticturi-e in P ) Explalantion 2 is rendered
very iml)robal)le 1b the existenice of l)athwavs of QH
reoxidation in the dark even ill the presence of
DCMUt' ( 1) W\e have nlo evidence either- to supl)ort
or rejecL explanation 4. WVe favor the interpretation
that the mu1titanlt strain may be miiissinig Q, thle pri-
marv oxidanit of PS II of photosynthesis.

Several investigators have r el)orte(l increa-se(l
fltuor-escenice yields inl plhotosvnlthetic mititants of a
variety of orlganlism11s. Mutant ITh of OcIuothera
recently describe(l b1 Fork and Heber (5) shows
constant high- fluiorescenice. and ianlly of the l)roper-
ties of this mutant are similar to P,. The fluores-
cence of mtitant ll of Sceedecsmus is unaffected bv
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FIG. 3. Fluorescenice kinetics of Euglenati chloroplasts
at 685 nim. The modulated light intensity was 260 ergs
cmn-2 sec-'. a) \Vild type chloroplasts. The initial
fluorescence (F.) is indicated on the graph. DCMIU
was added at the indicated time to give a final conceni-

tration of 10 mr. b) Wild type chloroplasts in the
presence (If 10 /t Ni DCMfU. The timile scale is expanded

to il'llst rate tteb kiiietics () flluiesce.iec ciiiissioil. )
)I' chloroplasts. 1)CNIU was addle(d at the inidicated1

timle to give a final conicentr-ationi of 10 ju-m.
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actinic illuimination (1) but the fluorescence kinetics
lhave not been reported. Butler (2) has suggested
that this mutant may be missing Q. Recently
Lavorel and Levine (8) have described the char-
acteristics of a mutant strain of Chlanmydomiionas
reielhardi (ac-ii5) which appears to be lacking Q,
but wlhiclh also lacks detectable amounts of cvto-
chrome 559; further investigations will be necessarv

to determine the exact nature of the lesion(s) in the
mutant. The finding of mutant organisms appar-

ently lacking Q opens the possibility of identifying
the chemical niature of this substance.
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